Abstract Cognitive remediation (CR) has been found to improve cognitive performance among adults with schizophrenia in randomized controlled trials (RCTs). However, improvements in cognitive performance are often observed in the control groups of RCTs as well. There has been no comprehensive examination of change in control groups for CR, which may inform trial methodology and improve our understanding of measured outcomes for cognitive remediation. In this meta-analysis, we calculated pre-post change in cognitive test performance within control groups of RCTs in 32 CR trials (n = 794 participants) published between 1970 and 2011, and examined the association between prepost change and sample size, duration of treatment, type of control group, and participants' age, intelligence, duration of illness, and psychiatric symptoms. Results showed that control groups in CR trials showed small effect size changes (Cohen's d = 0.12 ± 0.16) in cognitive test performance over the trial duration. Study characteristics associated with pre-post change included participant age and sample size. These findings suggest attention to change in control groups may help improve detection of cognitive remediation effects for schizophrenia.
Introduction
Randomized controlled trials (RCTs) employ control groups to isolate the treatment effects of interest from non-specific effects, such as placebo responses, natural recovery, external influences, and various design features of studies that may affect outcomes [1] . While comparison of change between active treatment and control groups allows for detection of treatment effects, examination of change in control groups and identifying variables that moderate this change may inform trial methodology and improve our understanding of measured outcomes. For example, examination of control groups in medication trials for schizophrenia has provided a better understanding of placebo responses and helped to develop tools to evaluate trial design and quantify drug effects [2] . Many researchers recognize the existence of non-specific effects and have tried to understand the size of these effects and factors that moderate them [3, 4] .
There has been no comprehensive examination of change in control groups among individuals who receive cognitive remediation (CR). CR is a behavioral intervention that consists of specific drills and exercises using computers, paper-and-pencil, or discussion to improve neurocognitive abilities such as attention and working memory. A growing literature shows the beneficial effects of CR on adults with schizophrenia [5, 6] . Adults with schizophrenia often experience various cognitive deficits and difficulties with various aspects of functioning [7] [8] [9] so evaluation of CR interventions is important in working to improve the lives of those with schizophrenia.
A recent meta-analysis of CR interventions among adults with schizophrenia reported a small-to-moderate effect size (Cohen's d = 0.45) on global cognition and functioning compared to control groups [10] . The effect size of CR interventions was associated with better pretreatment cognition, fewer psychiatric symptoms, and receipt of adjunctive psychiatric rehabilitation. However, change in control groups of CR trials was not examined. The non-specific effects that occur in CR trials for schizophrenia are not wellunderstood as there has been no review of pre-post change in control groups in CR trials as existing reviews have focused on change in treatment groups (i.e., difference between treatment and control groups over time).
In this review, we conducted a meta-analysis on pre-post change in cognitive test performance within control groups of CR trials for schizophrenia and examined factors that may moderate this change. This information may inform CR trial methodology and contribute to our understanding of non-specific effects that occur in CR trials for schizophrenia.
Methods

Data Source
Randomized controlled trials (RCTs) of CR for schizophrenia were identified from a previous meta-analysis [10] of 38 independent studies published from 1970 to 2011 that examined the effects of CR on cognition among adults with schizophrenia. All studies were required to meet rigorous methodological criteria for inclusion (detailed in 10). The current review included 32 of the original 38 studies that provided adequate data on control groups to calculate the effect size of pre-post change on cognitive test performance. Authors of studies were contacted for pre-post data on control groups when published data were not available.
For this meta-analytic review, only data on the control groups were extracted from each study. This included sample size, pre-and post-mean test performance (and standard deviations), duration of the study, and participants' age, intelligence quotient (IQ), duration of illness, and change in mental health symptomatology (i.e., scores on the positive and negative syndrome scale). Since the focus of the review was on pre-post change in control groups during the active phase of the study, data from any follow-up phases were not included in the analysis.
Data Analysis
Effect sizes of pre-post change on cognitive test performance within control groups were calculated as Cohen's d [11, 12] and an unbiased estimate of the population effect-size (Cohen's d p ) [13] . Effect sizes from individual studies were used to compute sample-size weighted effect sizes and inverse-variance weighted effect sizes. The effect size for each study was computed as the average of effect sizes of individual test measures, irrespective of the cognitive domain assessed. Care was taken to ensure that the directionality of effect size changes were consistent so that higher values represented an improvement in performance.
Analyses were then conducted to identify study features associated with magnitude of change in control groups. Associations between pre-post effect size change and study and sample characteristics were examined using Spearman's rho. Type of control group was classified as either (a) computer-based training, which was defined as any non-CR intervention provided through a computerized modality such as a computer game; (b) intensive skills training, which was defined as any psychosocial skills-related training four or more times per week, or interventions that had three or more components, such as psychoeducation, basic skills training and stress management strategies; (c) less-intensive skills training, which was defined as psychosocial skills-related training less than four times per week, or interventions that had less than three components; and (d) treatment-as-usual or wait-list control groups. Differences in pre-post change between these four types of control groups were tested using one-way analysis of variance.
Results
The 32 studies included in this review comprised 35 data points (i.e., presented in 35 publications) and 98 cognitive measures for a total of 794 patients with a mean age of 35.98 ± 6.49 years and mean IQ of 83.89 ± 0.83. There was wide variability in pre-post change on cognitive test performance in control groups (Fig. 1) . Table 1 shows that the effect size for change in control groups was negatively correlated with age and sample size, but was not significantly correlated with IQ, illness duration, change in schizophrenia symptoms, or study duration. Effect size for change in control groups also did not significantly differ between control groups categorized as treatment-asusual/wait-list (n = 12), ''less intensive psychosocial skills training'' (n = 10), ''intensive psychosocial skills training'' (n = 7), and ''computer-based training'' (n = 6), F = 1.11, p = 0.36. 
Discussion
To our knowledge, this is the first systematic review focused on change in cognitive performance in control groups of CR trials for schizophrenia. We found that pre-post change in cognitive performance in control groups was common among 32 CR trials and ranged from small to medium effects. These changes observed in control groups may need to be controlled to maximize the detection of treatment effects in CR trials. The degree of change in cognitive performance in control groups was negatively associated with participant age and sample size. These findings demonstrate the non-specific effects that occur in CR trials, how study characteristics are associated with change in control groups, and the importance of attention to control groups in designing CR trials. The finding that age was negatively associated with change in control groups is consistent with studies on CR treatment groups [14, 15] , and suggests there may be an age range when cognitive performance may be most amenable to change. Future studies should examine the optimal age range for cognitive enhancement, as younger age groups may be more responsive to cognitive intervention. Our findings also emphasize the importance of sample size, as larger control groups were observed to have smaller pre-post changes. Researchers designing CR trials for schizophrenia should be encouraged to employ large samples to minimize variability in control groups.
Change in control groups was not significantly associated with any other participant characteristic, such as IQ or schizophrenia symptoms, or any other study feature, such as type of control group. However, given the wide variability in pre-post change in control groups found between studies, additional research is needed with larger sample of studies. In particular, there have been mixed findings about whether improvement in cognitive functioning correlates with improvement in schizophrenia symptoms [16] [17] [18] , which deserves further study.
Our review has several limitations worth nothing. We relied on published data or data that could be obtained from authors, so there were missing data. We used a rough categorization method to characterize the control groups, and effect sizes for each study were computed as the average across individual cognitive tests instead of on specific cognitive tests or domains. Lastly, there may be other important variables that moderate change in control groups that were not examined in this review, such as participant motivation and expectations, and socioaffective stimulation [19] .
In conclusion, our review calls attention to changes in cognitive performance in control groups of CR trials. Many CR interventions have been shown to improve the neurocognition of individuals with schizophrenia, but the market for CR interventions continues to expand requiring rigorous research to evaluate their efficacy. Attention and control of non-specific effects in future CR trials may improve the quality of research on CR for schizophrenia.
